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Introduction {#joim13091-sec-0001}
============

Severe acute respiratory syndrome coronavirus (SARS‐CoV)‐2, a novel RNA coronavirus from the same family as SARS‐CoV and Middle East respiratory syndrome coronavirus (MERS‐CoV), was identified in early January 2020 as the cause of a pneumonia epidemic affecting the city of Wuhan, the capital of Hubei province, from where it rapidly spread across China. After infecting and causing the death of thousands of persons in China, the virus has spread, reaching Italy and other European countries \[[1](#joim13091-bib-0001){ref-type="ref"}, [2](#joim13091-bib-0002){ref-type="ref"}, [3](#joim13091-bib-0003){ref-type="ref"}\] and the USA, with the number of confirmed new cases currently increasing every day.

The World Health Organization named the disease coronavirus disease 2019 (COVID‐19) and subsequently declared it a pandemic due to the widespread infectivity and high contagion rate. Human coronaviruses typically cause respiratory and enteric infections \[[4](#joim13091-bib-0004){ref-type="ref"}\]. The new coronavirus has become a worldwide health threat \[[5](#joim13091-bib-0005){ref-type="ref"}\]: up to 28 March 2020, COVID‐19 has caused the death of 26 495 individuals worldwide and infected more than 570 000 \[[6](#joim13091-bib-0006){ref-type="ref"}\]. The SARS‐CoV‐2 infection mainly presents flu‐like symptoms such as fever, cough and asthenia, similar to other coronaviruses \[[7](#joim13091-bib-0007){ref-type="ref"}\]. Although severe lung injury has been described at all ages, in some high‐risk individuals, such as the elderly or those affected by multimorbidities, the virus is more likely to cause severe interstitial pneumonia, acute respiratory distress syndrome (ARDS) and subsequent multiorgan failure, which are responsible for severe acute respiratory failure and high death rates. Typically, affected individuals display a variable extent of dyspnoea and radiological signs \[[8](#joim13091-bib-0008){ref-type="ref"}, [9](#joim13091-bib-0009){ref-type="ref"}\]. Here, we summarize the currently available data on the clinical features and treatment options for COVID‐19.

Methods {#joim13091-sec-0002}
=======

Using online databases, we carried out a systematic literature review of the clinical features of and treatments for the new COVID‐19. Key articles were retrieved mainly from PubMed, Google Scholar, MEDLINE, UpToDate, Embase and Web of Science, using the terms 'COVID‐19', '2019‐nCoV', 'coronavirus' and 'SARS‐CoV‐2' as keywords for our search. We included scientific publications from 1 January 2019 to 3 April 2020. Only publications focusing on clinical characteristics of and treatments for SARS‐CoV‐2 were eligible for inclusion. We screened all reference lists of relevant studies in order to identify any missing publications.

All searches as well as title and abstract screening and study selection were performed by two investigators working independently. We resolved any discrepancies through consensus. All articles deemed potentially eligible were retrieved for full‐text review. We limited our search results to publications in English and excluded abstracts from conferences and commentaries.

Virus transmission and epidemiology {#joim13091-sec-0003}
===================================

The plausible mechanism of interspecies transmission of the virus is not yet fully understood.

Several research groups have independently identified SARS‐CoV‐2 as belonging to the family of β‐coronaviruses, with a genome almost identical to that of bat coronavirus. These studies indicate that bats may serve as the natural host of the virus.

The novel coronavirus uses the same receptor as SARS‐CoV \[angiotensin‐converting enzyme 2 (ACE2)\] and mainly spreads through the respiratory tract. Human‐to‐human aerosol transmission is undoubtedly the main source of contagion, which happens mainly through contaminated droplets, hands or surfaces. Virus particles, which are present in secretions from an infected person's respiratory system, infect others through direct contact with mucous membranes \[[10](#joim13091-bib-0010){ref-type="ref"}\] with a median incubation period of between 2 and 12 days (median 5.1 days) \[[11](#joim13091-bib-0011){ref-type="ref"}\]. Of note, virus transmission by asymptomatic or affected individuals during the incubation period has been described in detail \[[12](#joim13091-bib-0012){ref-type="ref"}, [13](#joim13091-bib-0013){ref-type="ref"}\].

An analysis of 22 studies revealed that human coronaviruses, including MERS‐CoV and endemic human coronavirus, can persist on surfaces such as metal, glass or plastic for up to 9 days, but can also be efficiently inactivated within 1 min through a surface disinfection using 62--71% ethanol, 0.5% hydrogen peroxide or 0.1% sodium hypochlorite \[[14](#joim13091-bib-0014){ref-type="ref"}\]. Furthermore, most of the available evidence supports the thesis that social distancing of 1.5 m is enough to prevent airborne transmission.

It appears that transmission is possible for approximately 8 days after symptoms appear. Patients may continue to show a positive pharyngeal swab for several weeks after remission of symptoms \[[15](#joim13091-bib-0015){ref-type="ref"}\]; however, viable virus cannot be detected after about 8 days of disease, suggesting that prolonged polymerase chain reaction (PCR) test positivity probably does not correlate with clinical transmission.

Guidelines from the US Centers for Disease Control and Prevention do not precisely define the length of isolation for patients \[[16](#joim13091-bib-0016){ref-type="ref"}\]. It is reasonable to suggest that isolation is no longer necessary after two consecutive negative real‐time (RT)‐PCR tests at an interval of at least 24 h and in the absence of relevant clinical or epidemiological criteria. However, considering the rate of false‐negative results with throat swabs \[[17](#joim13091-bib-0017){ref-type="ref"}\], this recommendation should be considered with extreme caution.

The following practical suggestions may minimize the risk of diagnostic errors. First, diagnostic accuracy may be improved by combining clinical evidence with results from chest computed tomography (CT) and RT‐PCR. Secondly, RT‐PCR results should be interpreted according to epidemiological, clinical and radiological factors. Finally, upper (or lower) respiratory tract specimens should be re‐tested in patients with negative RT‐PCR and high suspicion or probability of infection \[[18](#joim13091-bib-0018){ref-type="ref"}\].

The current data suggest that the average number of individuals an affected person can infect \[i.e. the reproduction number (R0)\] is around 2.5--2.9 \[[19](#joim13091-bib-0019){ref-type="ref"}\]. R0 here reflects both the virulence of the virus and the number of social contacts and mixing patterns amongst the population relevant to the dissemination of the disease.

Specific settings and environments should be considered at higher risk of virus dissemination, and in particular, transmission in healthcare settings is an important consideration. In the case series reported by Wang *et al*. \[[20](#joim13091-bib-0020){ref-type="ref"}\], 57 of 138 infections occurred in hospital settings, 40 of which involved healthcare providers. Similarly, residential and nursing homes along with other community dwelling facilities were responsible for local epidemic clusters in Italy, Spain and the USA \[[21](#joim13091-bib-0021){ref-type="ref"}\].

General hygiene precautions are crucial in order to minimize the risk of contamination. Wearing masks, gowns, eye protection and gloves, especially for medical staff, are also recommended \[[22](#joim13091-bib-0022){ref-type="ref"}\]. Because an infected healthcare provider is a potential vehicle for virus dissemination, it is clear that avoiding the risk of infection amongst healthcare providers is essential. Moreover, a sudden decrease in the number of healthcare providers because of quarantining or isolation would critically overload the healthcare system.

The clinical presentation of COVID‐19 begins within 14 days of exposure; however, in most cases symptoms present after about 5 days and symptom onset is within 11.5 days in 97.5% of individuals \[[11](#joim13091-bib-0011){ref-type="ref"}\].

In China, this outbreak showed a cumulative attack rate of 0--11% \[[7](#joim13091-bib-0007){ref-type="ref"}\]. When compared to H1N1 influenza, which shared the same transmission pathways, the cumulative attack rate of COVID‐19 is 50‐fold higher. This underlines the necessity of quarantine and social distancing measures, which worldwide governments have chosen to take. Indeed, isolation is still the most effective method for containing the spread of COVID‐19 \[[23](#joim13091-bib-0023){ref-type="ref"}\].

We believe that containment of the outbreak should remain the cornerstone of COVID‐19 treatment. The cost of short‐term containment measures would be far lower than the cost of long‐term viral spread. Containment of individual cases might prove impossible or ineffective in the long term; nevertheless, public health measures would definitely be effective in delaying the onset of widespread community transmission and reducing the peak incidence and impact on public services. These measures could also give healthcare systems time to scale up their response, reducing direct and indirect deaths, and slow down the global spread until effective therapies or vaccines are found \[[24](#joim13091-bib-0024){ref-type="ref"}\].

COVID‐19 symptoms, course and prognosis {#joim13091-sec-0004}
=======================================

The symptoms of COVID‐19 vary amongst individuals, ranging from asymptomatic infection to severe respiratory failure \[[25](#joim13091-bib-0025){ref-type="ref"}\]. An Italian population cohort study conducted in the town of Vò Euganeo by Dr. Lavezzo and colleagues, 2020 (unpublished data) showed that around 50--75% of individuals with positive RT‐PCR throat swab results remain asymptomatic, whilst others develop mild flu‐like symptoms and a further small percentage (about 10% of all symptomatic patients) present dyspnoea, severe interstitial pneumonia, ARDS and multiorgan dysfunction. The vast majority of individuals with symptoms and more severe clinical patterns had one or more coexisting medical conditions, such as hypertension, diabetes and cardiovascular disorders, with elevated case fatalities amongst elderly and frail patients \[[26](#joim13091-bib-0026){ref-type="ref"}, [27](#joim13091-bib-0027){ref-type="ref"}\]. Common symptoms of the disease are fever, cough, fatigue, slight dyspnoea, sore throat, headache and conjunctivitis. \[[28](#joim13091-bib-0028){ref-type="ref"}, [29](#joim13091-bib-0029){ref-type="ref"}\] It is therefore difficult to differentiate COVID‐19 from other respiratory diseases \[[30](#joim13091-bib-0030){ref-type="ref"}, [31](#joim13091-bib-0031){ref-type="ref"}, [32](#joim13091-bib-0032){ref-type="ref"}\]. Gastrointestinal involvement was reported in a lower percentage of cases, with diarrhoea, nausea and vomiting.

Li *et al*. \[[33](#joim13091-bib-0033){ref-type="ref"}\] hypothesized that SARS‐CoV‐2 could have neuroinvasive potential as viral entry into the central nervous system may partially contribute to the development of respiratory failure in some patients. The reported hyposmia and dysgeusia experienced by individuals with COVID‐19 could also indicate a potential neurotropism of this virus that may invade the olfactory nerve and bulb or, alternatively, the sensory fibres of the vagus nerve, which from the brainstem innervates different organs of the respiratory tract, including the larynx, trachea and lungs \[[34](#joim13091-bib-0034){ref-type="ref"}\]. However, the neuroinvasive potential of SARS‐CoV‐2 remains poorly understood and warrants further investigation \[[35](#joim13091-bib-0035){ref-type="ref"}\].

The course of the infection is mild or asymptomatic in about 80--90% of cases. It becomes serious only in around 10% of cases, with dyspnoea, hypoxaemia and extensive (\>50%) radiological involvement of the lung parenchyma. A critical condition develops in around 5% of cases, with respiratory failure, pneumonia, shock, multiorgan failure and, in the most serious cases, death, which is almost always caused by progression to ARDS and multiorgan failure \[[25](#joim13091-bib-0025){ref-type="ref"}, [36](#joim13091-bib-0036){ref-type="ref"}, [37](#joim13091-bib-0037){ref-type="ref"}\]. The development of respiratory failure without subjective perception of dyspnoea ('silent hypoxaemia') has also been reported \[[38](#joim13091-bib-0038){ref-type="ref"}\]. In these cases, hypocapnia caused by compensatory hyperventilation is an accompanying finding.

The mortality rate is variable, ranging from 2% to 5%; variability amongst different studies is probably due to different patient features and/or infection prevalence rates and is affected by the relative number of diagnostic tests performed in symptomatic individuals \[[36](#joim13091-bib-0036){ref-type="ref"}\]. It is also possible that rapid saturation of intensive care facilities may have affected mortality rates, especially in epidemic hotspots.

The typical course of severe pathology includes the appearance of overt dyspnoea 6 days after the onset of flu‐like symptoms, hospitalization after a further 8 days and the need for tracheal intubation 10 days after hospitalization \[[39](#joim13091-bib-0039){ref-type="ref"}\]. Table [1](#joim13091-tbl-0001){ref-type="table"} summarizes the prevalence of reported symptoms.

###### 

Symptoms observed in various cohorts of patient

                    Guan *et al*. \[[40](#joim13091-bib-0040){ref-type="ref"}\]   Chen *et al.* \[[28](#joim13091-bib-0028){ref-type="ref"}\]   Shi *et al.* \[[67](#joim13091-bib-0067){ref-type="ref"}\]   Huang *et al.* \[[47](#joim13091-bib-0047){ref-type="ref"}\]   Yang *et al.* \[[29](#joim13091-bib-0029){ref-type="ref"}\]
  ----------------- ------------------------------------------------------------- ------------------------------------------------------------- ------------------------------------------------------------ -------------------------------------------------------------- -------------------------------------------------------------
  Patients (*n*)    1081                                                          99                                                            21                                                           41                                                             52
  Fever             473 (44%)                                                     82 (83%)                                                      18 (86%)                                                     40 (98%)                                                       46 (89%)
  Dyspnoea          205 (19%)                                                     31 (31%)                                                      9 (43%)                                                      22 (54%)                                                       33 (64%)
  Cough             745 (69%)                                                     81 (82%)                                                      15 (71%)                                                     31 (76%)                                                       40 (77%)
  Sputum            370 (34%)                                                     --                                                            3 (14%)                                                      11 (27%)                                                       --
  Rhinorrhoea       53 (5%)                                                       4 (4%)                                                        5 (24%)                                                      --                                                             3 (6%)
  Sore throat       153 (14%)                                                     5 (5%)                                                        --                                                           --                                                             --
  Headache          150 (14%)                                                     8 (8%)                                                        2 (10%)                                                      2 (5%)                                                         3 (6%)
  Diarrhoea         42 (4%)                                                       2 (2%)                                                        1 (5%)                                                       1 (2%)                                                         --
  Nausea/vomiting   55 (5%)                                                       1 (1%)                                                        2 (10%)                                                      --                                                             2 (4%)
  Myalgia           164 (15%)                                                     11 (11%)                                                      --                                                           --                                                             6 (12%)
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At present, it is unclear how many affected individuals need hospitalization. Amongst hospitalized patients, around 10--20% are admitted to the intensive care unit (ICU), 3--10% require intubation and 2--5% die \[[40](#joim13091-bib-0040){ref-type="ref"}\].

It has been reported that mortality due to COVID‐19 is around 3% \[[41](#joim13091-bib-0041){ref-type="ref"}\], which therefore appears be lower than for SARS‐CoV (10%) and MERS‐CoV (35%). However, considering the recent and rapid spread of COVID‐19, it is still too early to determine the actual mortality rate of the condition. Current evidence indicates that the main risk factors for poor outcome include age, ischaemic heart disease, hypertension, diabetes mellitus and chronic lung disease \[[42](#joim13091-bib-0042){ref-type="ref"}\].

Diagnosis {#joim13091-sec-0005}
=========

RT‐PCR is a diagnostic test that uses nasal swab, tracheal aspirate or bronchoalveolar lavage (BAL) specimens. The primary, and preferred, method for diagnosis is the collection of upper respiratory samples via nasopharyngeal and oropharyngeal swabs. The use of bronchoscopy as a diagnostic method for COVID‐19 is not recommended as the aerosol that is generated poses a substantial risk for both patients and healthcare staff. Bronchoscopy can be considered only for intubated patients when upper respiratory samples are negative and other diagnostic tools would significantly change the clinical management. However, bronchoscopy may be indicated when clinical and safety criteria are met and in the case of uncertain diagnosis \[[43](#joim13091-bib-0043){ref-type="ref"}\]. Alternatively, tracheal aspiration and nonbronchoscopic BAL can be used to collect respiratory specimens in intubated patients \[[44](#joim13091-bib-0044){ref-type="ref"}\].

SARS‐CoV‐2 RNA has been extracted from upper and lower respiratory tract specimens, and the virus has been isolated in a cell culture of upper respiratory tract secretions and BAL specimens; however, limited RNA data are available. In one case series, Zou *et al*. found that the levels of SARS‐CoV‐2 RNA were higher in samples collected from the upper respiratory tract (as demonstrated by lower cycle threshold values in the nose) and in the first 3 days after symptom onset, and high levels of SARS‐CoV‐2 RNA were also found in samples collected from upper respiratory tract samples from an asymptomatic patient \[[45](#joim13091-bib-0045){ref-type="ref"}\].

Several studies have shown that SARS‐CoV‐2 RNA can also be detected in blood and stool specimens \[[46](#joim13091-bib-0046){ref-type="ref"}, [47](#joim13091-bib-0047){ref-type="ref"}, [48](#joim13091-bib-0048){ref-type="ref"}, [49](#joim13091-bib-0049){ref-type="ref"}\]. How long SARS‐CoV‐2 RNA is present in the upper and lower respiratory tracts and in extrapulmonary specimens remains undetermined. It is plausible that viral RNA would be detectable for weeks, as observed in some cases of infection with SARS‐CoV or MERS‐CoV. Viable SARS‐CoV has been isolated from respiratory, blood, urine and stool samples \[[50](#joim13091-bib-0050){ref-type="ref"}, [51](#joim13091-bib-0051){ref-type="ref"}, [52](#joim13091-bib-0052){ref-type="ref"}, [53](#joim13091-bib-0053){ref-type="ref"}, [54](#joim13091-bib-0054){ref-type="ref"}, [55](#joim13091-bib-0055){ref-type="ref"}, [56](#joim13091-bib-0056){ref-type="ref"}, [57](#joim13091-bib-0057){ref-type="ref"}, [58](#joim13091-bib-0058){ref-type="ref"}\].

The specificity of the RT‐PCR test seems to be very high, although there may be false‐positive results due to swab contamination, especially in asymptomatic patients. The sensitivity rate is not clear, but is estimated to be around 66--80% \[[59](#joim13091-bib-0059){ref-type="ref"}\]. Test validity in asymptomatic individuals who have been in close contact with symptomatic persons is even less clear; the rate of positivity could reach 50% without any evidence of symptoms or proven infection \[[60](#joim13091-bib-0060){ref-type="ref"}\].

A single negative test does not exclude SARS‐CoV‐2 infection, especially in highly exposed persons, if the test is performed using a nasopharyngeal swab specimen and at the beginning of the infection. In this case, it may be advisable to repeat the test or collect a deeper respiratory tract sample, such as BAL.

Laboratory test results {#joim13091-sec-0006}
-----------------------

The most common laboratory abnormalities reported on admission amongst hospitalized patients with pneumonia included leucopenia (9--25%) or leucocytosis (24--30%), lymphopenia (63%) and elevated levels of alanine aminotransferase and aspartate aminotransferase (37%) \[[46](#joim13091-bib-0046){ref-type="ref"}, [48](#joim13091-bib-0048){ref-type="ref"}\]. Amongst 1099 COVID‐19 patients, lymphocytopenia was present in 83%; in addition, 36% had thrombocytopenia and 34% had leucopenia \[[40](#joim13091-bib-0040){ref-type="ref"}\]. A mild thrombocytopenia, hypertransaminasaemia and an increase in lactate dehydrogenase have also been reported \[[47](#joim13091-bib-0047){ref-type="ref"}\].

Increased inflammation indices, usually including reduced procalcitonin and increased C‐reactive protein (CRP) levels, are associated with clinical severity. Young *et al*. observed an average CRP level of 1.1 mg/dL in patients with normal percentage oxygen saturation (SatO~2~) and of 6.6 mg/dL in hypoxaemic patients \[[48](#joim13091-bib-0048){ref-type="ref"}\]. Moreover, Ruan *et al*. observed a correlation between CRP and mortality risk \[[61](#joim13091-bib-0061){ref-type="ref"}\]. Increased troponin was also reported in 7% of patients who subsequently died because of fulminant myocarditis \[[62](#joim13091-bib-0062){ref-type="ref"}\]. Troponin appears to be a strong prognostic indicator of mortality. Finally, it was noticed that D‐dimer and ferritin levels were usually high in hospitalized patients.

Radiological findings {#joim13091-sec-0007}
---------------------

Typical CT findings in individuals with COVID‐19 were ground‐glass opacities, particularly on the peripheral and lower lobes, and bilateral multiple lobular and subsegmental areas of consolidation, especially in ICU patients \[[10](#joim13091-bib-0010){ref-type="ref"}\]. The number of lung segments involved was found to be related to disease severity. These opacities tended to flow together and thicken with progression of the disease. Nontypical CT findings included pleural effusion (only about 5%), masses, cavitations and lymphadenopathies; therefore, these would suggest alternative diagnoses \[[63](#joim13091-bib-0063){ref-type="ref"}\]. Figure [1](#joim13091-fig-0001){ref-type="fig"} illustrates typical CT patterns in COVID‐19 patients.

![Typical patterns of COVID‐19 at CT imaging. Ground glass shadows (early stage). Ground‐glass opacities. Ground glass nodules and subpleural consolidation. Focal consolidation. Multifocal consolidation. Multifocal consolidation with honeycomb (end stage).](JOIM-9999-na-g001){#joim13091-fig-0001}

In one study, the time period from symptom onset to initial CT scan was evaluated and the authors found that 56% of patients who presented symptoms within 2 days had normal CT images \[[64](#joim13091-bib-0064){ref-type="ref"}\]. CT sensitivity seems to be high in patients with positive RT‐PCR (86--97% in different case studies) \[[60](#joim13091-bib-0060){ref-type="ref"}\] and lower in patients with only constitutional and nonrespiratory symptoms (about 50%) \[[63](#joim13091-bib-0063){ref-type="ref"}\].

Conventional chest X‐ray sensitivity is lower at around 59% \[[64](#joim13091-bib-0064){ref-type="ref"}\]. Ultrasound has been used as a diagnostic tool in a very limited number of cases. Ultrasound has a very low specificity, and, despite being affected by factors such as disease severity, patient weight and operator skill, sensitivity is estimated to be around 75% \[[65](#joim13091-bib-0065){ref-type="ref"}\]. Nevertheless, ultrasound may play a role in monitoring the progression of the disease through the detection of interstitial lung disease features, such as B lines and subpleural consolidations. Fig. [2](#joim13091-fig-0002){ref-type="fig"} shows three different interstitial presentations on ultrasound in COVID‐19 patients.

![Patterns of COVID‐19 at chest ultrasound. Early bilateral multifocal areas of interstitial syndrome. Interstitial pneumonia characterized by interstitial syndrome with B lines and preserved sliding sign. Advanced, organized pneumonia with interstitial syndrome associated with multiple subpleural consolidations and reduced sliding sign.](JOIM-9999-na-g002){#joim13091-fig-0002}

CT and ultrasound findings appear to be superimposable; CT seems to be more precise in detecting apical intraparenchymal lesions, whilst ultrasound can identify the smallest subpleural lesions and pleural effusions. Sensitivity for subpleural lesions increases when a linear probe is used. The main ultrasound findings include isolated or confluent B lines, and irregular or interrupted pleural line thickening with dynamic air bronchogram \[[65](#joim13091-bib-0065){ref-type="ref"}\]. Most of these pathological findings are located in lower and posterior areas. It is possible to scan in colour Doppler mode in order to detect a reduced blood supply in the lesions (usually increased in other inflammatory diseases).

At present, the best radiological strategy remains undefined. The use of CT for all patients appears to be unreasonable in terms of time, cost and radiation exposure, especially as the management and therapeutic approach would not depend substantially on the results. We suggest that CT scanning should be reserved for patients with an undefined clinical picture, as well as differential diagnosis \[[66](#joim13091-bib-0066){ref-type="ref"}, [67](#joim13091-bib-0067){ref-type="ref"}\].

Clinical management {#joim13091-sec-0008}
===================

Currently, there are no registered drugs to treat COVID‐19 disease and a vaccine is not available \[[68](#joim13091-bib-0068){ref-type="ref"}, [69](#joim13091-bib-0069){ref-type="ref"}, [70](#joim13091-bib-0070){ref-type="ref"}\]. Management is based mainly on supportive therapy and on treating the symptoms and trying to prevent respiratory failure.

It is fundamental to ensure patient isolation in order to avoid transmission to other patients, family members and healthcare providers. Quarantine measures must be taken to isolate infected individuals, both symptomatic and asymptomatic, and anyone who may have been in contact with them \[[71](#joim13091-bib-0071){ref-type="ref"}\]. Entire populations must limit social contact and minimize the time spent outside \[[72](#joim13091-bib-0072){ref-type="ref"}\]. In mild cases, self‐isolation at home is the best option, whilst maintaining adequate hydration and nutrition and treating symptoms such as fever, sore throat or cough. Thus, hospital beds can be available for severe cases \[[31](#joim13091-bib-0031){ref-type="ref"}\].

Most of the data available for pharmacological treatments derive from medications used during the SARS‐CoV or MERS‐CoV pandemics or from *in vitro* observations \[[73](#joim13091-bib-0073){ref-type="ref"}, [74](#joim13091-bib-0074){ref-type="ref"}\]. Several clinical trials of possible treatments for COVID‐19 are underway, based on antiviral, anti‐inflammatory and immunomodulatory drugs, cell therapy, antioxidants and other therapies \[[75](#joim13091-bib-0075){ref-type="ref"}\]. The inflammatory pathway involved in COVID‐19 is shown in Fig. [3](#joim13091-fig-0003){ref-type="fig"}, and Table [2](#joim13091-tbl-0002){ref-type="table"} provides an overview of the current treatments available to manage the disease.

![Virus‐induced inflammation pathway. Immune cells are sequentially activated to limit virus dissemination. Dendritic cells and macrophages act as first‐line antigen‐presenting cells which, following virus antigen recognition, produce cytokines, including interleukin (IL)‐12, IL‐15 and IL‐18. Their interaction determines the chemotaxis and activation of natural killer (NK) cells, the recruitment of Group 1 innate lymphoid cells (ILC1) and the differentiation of T helper (Th) lymphocytes into Type 1 helper (Th1) cells. The latter are associated with an increased expression of cytokines, including interferon (IFN)‐γ, tumour necrosis factor (TNF)‐α, IL‐1 and IL‐2, with consequent activation of NK cells, secreting perforin, granzymes, reactive oxygen species (ROS), nitric oxide (NO) and cytotoxic T lymphocytes in order to kill the virus. Excess neutrophils and persistently activated macrophages cause extensive damage to the lung epithelium and endothelium, resulting in an alveolar capillary barrier. The disruption of this barrier allows protein‐rich fluid to enter the alveoli, causing fluid accumulation in alveolar spaces (noncardiogenic pulmonary oedema) which interferes with gas exchange.](JOIM-9999-na-g003){#joim13091-fig-0003}

###### 

Severity‐dependent protocol to manage COVID‐19

+--------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Phenotype No.                        | 1                                                                                                                                 | 2                                                                                                                                                                                                                                                                                                                                                                                                                                                           | 3                                                                                                                                                                                       | 4                                                                                                                                                                                                                                                                             | 5                                                                                                                                                                                                                                                                            |
+======================================+===================================================================================================================================+=============================================================================================================================================================================================================================================================================================================================================================================================================================================================+=========================================================================================================================================================================================+===============================================================================================================================================================================================================================================================================+==============================================================================================================================================================================================================================================================================+
| Symptoms and clinical features       | Fever; mild respiratory symptoms (if any); SpO~2~ ≥ 93% on ABG; no chest X‐ray findings                                           | Fever + SpO~2~ \<93% on ABG OR X‐ray opacities                                                                                                                                                                                                                                                                                                                                                                                                              | Fever; severe hypoxia (SpO~2~ \< 88%) on ABG BUT patient responsive to high flow of O~2~ (SpO~2~ ≥ 93% with O~2~ 10--15 L/min)                                                          | High probability of ARDS evolution; NIV needed to maintain acceptable SpO~2~ levels                                                                                                                                                                                           | ARDS                                                                                                                                                                                                                                                                         |
+--------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Illness severity                     | Mild illness                                                                                                                      | Moderate illness                                                                                                                                                                                                                                                                                                                                                                                                                                            | Pre‐critical illness                                                                                                                                                                    | Critical illness                                                                                                                                                                                                                                                              |                                                                                                                                                                                                                                                                              |
+--------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Allocation                           | Self‐isolation at home                                                                                                            | Hospitalization                                                                                                                                                                                                                                                                                                                                                                                                                                             | Hospitalization in sub‐intensive care unit                                                                                                                                              | Hospitalization in sub‐intensive or intensive care unit                                                                                                                                                                                                                       | Hospitalization in intensive care unit                                                                                                                                                                                                                                       |
+--------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Vital support/ Respiratory treatment | Symptomatic treatment                                                                                                             | Symptomatic treatment; oxygenation through nasal cannula, face mask or high‐flow nasal cannula                                                                                                                                                                                                                                                                                                                                                              | Oxygenation through nasal cannulas, face mask or high‐flow nasal cannulas to reach SpO~2~ target ≥ 93%                                                                                  | Start CPAP/NIV with SpO~2~ target\> 93%                                                                                                                                                                                                                                       | Tracheal intubation; mechanical ventilation with high PEEP values and repeated positioning                                                                                                                                                                                   |
|                                      |                                                                                                                                   |                                                                                                                                                                                                                                                                                                                                                                                                                                                             |                                                                                                                                                                                         |                                                                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                                              |
|                                      |                                                                                                                                   | EVIDENCE: effective in maintaining SpO~2~ ≥ 93 % \[[103](#joim13091-bib-0103){ref-type="ref"}, [104](#joim13091-bib-0104){ref-type="ref"}, [105](#joim13091-bib-0105){ref-type="ref"}, [106](#joim13091-bib-0106){ref-type="ref"}, [107](#joim13091-bib-0107){ref-type="ref"}\]                                                                                                                                                                             | If target not reached after 30 min, evolution to PHENOTYPE 4                                                                                                                            | EVIDENCE: Effective in maintaining spO~2~ ≥ 93%\[[103](#joim13091-bib-0103){ref-type="ref"}, [104](#joim13091-bib-0104){ref-type="ref"}, [105](#joim13091-bib-0105){ref-type="ref"}, [106](#joim13091-bib-0106){ref-type="ref"}, [107](#joim13091-bib-0107){ref-type="ref"}\] | EVIDENCE: effective in increasing oxygenation \[[104](#joim13091-bib-0104){ref-type="ref"}, [105](#joim13091-bib-0105){ref-type="ref"}, [106](#joim13091-bib-0106){ref-type="ref"}, [107](#joim13091-bib-0107){ref-type="ref"}, [108](#joim13091-bib-0108){ref-type="ref"}\] |
|                                      |                                                                                                                                   |                                                                                                                                                                                                                                                                                                                                                                                                                                                             |                                                                                                                                                                                         |                                                                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                                              |
|                                      |                                                                                                                                   |                                                                                                                                                                                                                                                                                                                                                                                                                                                             |                                                                                                                                                                                         | If target not reached after 2 h, evolution to PHENOTYPE 5                                                                                                                                                                                                                     |                                                                                                                                                                                                                                                                              |
+--------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Antiviral therapy                    | None                                                                                                                              | Lopinavir/ritonavir 400/100 mg BID orally (duration: according to clinical evolution)                                                                                                                                                                                                                                                                                                                                                                       | Lopinavir/ritonavir 400/100 mg BID orally (duration: according to clinical evolution) OR Remdesivir 200 mg iv followed by 100 mg OD (5--10 days according to clinical evolution)        |                                                                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                                              |
|                                      |                                                                                                                                   |                                                                                                                                                                                                                                                                                                                                                                                                                                                             |                                                                                                                                                                                         |                                                                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                                              |
|                                      |                                                                                                                                   | EVIDENCE: reduces viral load (low‐quality evidence) \[[83](#joim13091-bib-0083){ref-type="ref"}, [84](#joim13091-bib-0084){ref-type="ref"}, [85](#joim13091-bib-0085){ref-type="ref"}, [86](#joim13091-bib-0086){ref-type="ref"}\]                                                                                                                                                                                                                          | EVIDENCE: reduces viral load (low‐quality evidence) \[[81](#joim13091-bib-0081){ref-type="ref"}, [82](#joim13091-bib-0082){ref-type="ref"}, [83](#joim13091-bib-0083){ref-type="ref"}\] |                                                                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                                              |
+--------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Other treatments                     | Self‐isolation at home                                                                                                            | Chloroquine 500 mg BID orally (5--20 days according to clinical evolution) OR Hydroxychloroquine 200 mg BID orally (5--20 days according to clinical evolution).                                                                                                                                                                                                                                                                                            |                                                                                                                                                                                         |                                                                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                                              |
|                                      |                                                                                                                                   |                                                                                                                                                                                                                                                                                                                                                                                                                                                             |                                                                                                                                                                                         |                                                                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                                              |
|                                      | EVIDENCE: reduces and slows viral spread \[[71](#joim13091-bib-0071){ref-type="ref"}, [72](#joim13091-bib-0072){ref-type="ref"}\] | EVIDENCE: reduces viral load (low‐quality evidence) \[[93](#joim13091-bib-0093){ref-type="ref"}, [94](#joim13091-bib-0094){ref-type="ref"}, [95](#joim13091-bib-0095){ref-type="ref"}, [96](#joim13091-bib-0096){ref-type="ref"}, [97](#joim13091-bib-0097){ref-type="ref"}, [98](#joim13091-bib-0098){ref-type="ref"}, [99](#joim13091-bib-0099){ref-type="ref"}, [100](#joim13091-bib-0100){ref-type="ref"}, [102](#joim13091-bib-0102){ref-type="ref"}\] |                                                                                                                                                                                         |                                                                                                                                                                                                                                                                               |                                                                                                                                                                                                                                                                              |
+--------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+

SpO~2~, peripheral oxygen saturation; BID, twice daily; OD, once a day; iv, intravenous; ABG, arterial blood gas; ARDS, acute respiratory distress syndrome; CPAP, continuous positive airway pressure; NIV, noninvasive ventilation; PEEP, positive end‐expiratory pressure.
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There is no evidence that antibiotic prophylaxis can prevent bacterial superinfection, and indeed no evidence of a diagnostic role of procalcitonin in COVID‐19 patients. Superinfections are more likely to develop in a hospital environment than at home. Ruan et al. reported a death rate of 16% in COVID‐19 patients who had contracted secondary infections \[[61](#joim13091-bib-0061){ref-type="ref"}\].

There is also no conclusive evidence regarding the use of steroids. Most available data are from descriptive studies and shared experience. The use of steroids to treat SARS‐CoV and MERS‐CoV cases was associated with increased mortality, secondary infections and complications such as psychosis, hyperglycaemia, delayed viral clearance and increased mutation rate of the pathogen. Because there is no conclusive evidence to support steroid use, it is necessary to cautiously evaluate steroid use on a case‐by‐case basis, balancing risks and benefits. Should steroid‐based therapy become necessary, it is mandatory to use the lowest possible dosage and only for a short period of time \[[76](#joim13091-bib-0076){ref-type="ref"}, [77](#joim13091-bib-0077){ref-type="ref"}, [78](#joim13091-bib-0078){ref-type="ref"}, [79](#joim13091-bib-0079){ref-type="ref"}\].

Anticoagulation therapy is recommended in patients with early‐stage COVID‐19, especially when the D‐dimer value is 4 times higher than normal. Infection, inflammation and other disease‐related factors can cause overactivation of coagulation, increasing the risk of augmented ischaemic events and disseminated intravascular coagulation \[[80](#joim13091-bib-0080){ref-type="ref"}\].

Antiviral drugs {#joim13091-sec-0009}
---------------

The efficacy of specific antiviral agents to treat COVID‐19 has been shown both *in vitro* and in animal models, as well as from anecdotal evidence from human patients. These studies are based almost exclusively on experience with SARS‐CoV and MERS‐CoV \[[81](#joim13091-bib-0081){ref-type="ref"}, [82](#joim13091-bib-0082){ref-type="ref"}, [83](#joim13091-bib-0083){ref-type="ref"}, [84](#joim13091-bib-0084){ref-type="ref"}, [85](#joim13091-bib-0085){ref-type="ref"}, [86](#joim13091-bib-0086){ref-type="ref"}, [87](#joim13091-bib-0087){ref-type="ref"}\]. The Italian Society of Infective and Tropical Diseases recommends administering antiviral agents to patients with a proven diagnosis of COVID‐19 and mild symptoms \[[88](#joim13091-bib-0088){ref-type="ref"}\]. However, antiviral agents should be avoided in the presence of comorbidities and increased risk of mortality or in individuals with moderate or severe symptoms of COVID‐19.

Remdesivir was successfully used in several COVID‐19 patients in China \[[81](#joim13091-bib-0081){ref-type="ref"}\]. As a nucleotide analogue, remdesivir acts through incorporation into the nascent viral RNA chain and subsequently causes its premature termination. Remdesivir has been reported to be active in preclinical studies of SARS‐CoV and MERS‐CoV infections by acting on the viral polymerase of coronaviruses \[[82](#joim13091-bib-0082){ref-type="ref"}\]. A North American study of MERS‐CoV in mice has shown the effectiveness of remdesivir in reducing viral load and improving lung function parameters \[[83](#joim13091-bib-0083){ref-type="ref"}\]. Clinical efficacy trials of the use of remdesivir in COVID‐19 patients are currently underway, both in China and the USA.

The second‐generation antiretroviral drug combination lopinavir/ritonavir inhibits viral protease. The combination is widely available and drug interaction and safety profiles are well established. The efficacy of lopinavir/ritonavir against SARS‐CoV has been demonstrated \[[84](#joim13091-bib-0084){ref-type="ref"}\], and these drugs also seem to reduce the viral load in COVID‐19 patients \[[85](#joim13091-bib-0085){ref-type="ref"}, [86](#joim13091-bib-0086){ref-type="ref"}\]. However, the clinical evidence for this combination therapy remains limited, as suggested by case reports \[[48](#joim13091-bib-0048){ref-type="ref"}, [85](#joim13091-bib-0085){ref-type="ref"}, [87](#joim13091-bib-0087){ref-type="ref"}\]; moreover, Cao *et al*. \[[89](#joim13091-bib-0089){ref-type="ref"}\] observed no clinical benefit of lopinavir/ritonavir beyond standard care. Multiple randomized controlled trials, however, are ongoing in China. The suggested dosage is 400/100 mg twice daily (BID); adjustment based on glomerular filtration rate is not required but monitoring of transaminases is often useful. Common side effects of lopinavir/ritonavir include nausea, diarrhoea and insomnia, and numerous drug interactions have been reported.

Chloroquine/hydroxychloroquine {#joim13091-sec-0010}
------------------------------

Chloroquine and hydroxychloroquine are used for the treatment of malaria and amoebiasis. They both show a good tolerability profile. Various studies have demonstrated chloroquine activity *in vitro* and in animal models against SARS‐CoV \[[90](#joim13091-bib-0090){ref-type="ref"}, [91](#joim13091-bib-0091){ref-type="ref"}\] and avian influenza \[[92](#joim13091-bib-0092){ref-type="ref"}\]. Their antiviral efficacy seems to be explained by an increase in endosomal pH which is necessary for fusion between the virus and the host cell; they also seem to interfere with the ACE2 cell receptor and have immunomodulatory activity. We have also found evidence of their efficacy in COVID‐19 patients \[[87](#joim13091-bib-0087){ref-type="ref"}, [93](#joim13091-bib-0093){ref-type="ref"}, [94](#joim13091-bib-0094){ref-type="ref"}, [95](#joim13091-bib-0095){ref-type="ref"}, [96](#joim13091-bib-0096){ref-type="ref"}, [97](#joim13091-bib-0097){ref-type="ref"}, [98](#joim13091-bib-0098){ref-type="ref"}\]. The suggested dosages are 500 mg BID for chloroquine and 200 mg BID for hydroxychloroquine. For optimal treatment, a loading dose should be administered and followed by a maintenance dose \[[99](#joim13091-bib-0099){ref-type="ref"}\]. Yao *et al*. showed that, *in vitro*, hydroxychloroquine is more potent than chloroquine in inhibiting SARS‐CoV‐2 \[[10](#joim13091-bib-0100){ref-type="ref"}\]. Common side effects of these drugs are nausea, vomiting, diarrhoea, abdominal pain, headache and visual and extrapyramidal disorders. Monitoring of blood count and QT interval is mandatory, due to their well‐known arrhythmogenic cardiotoxicity \[[11](#joim13091-bib-0101){ref-type="ref"}\]. Data on the efficacy of chloroquine and hydroxychloroquine remain inconclusive, and further studies are warranted. Several issues need to be clarified such as the stage of COVID‐19 disease at which these medications could provide the best therapeutic benefit, or whether they may play a role in disease prophylaxis for high‐risk patients and healthcare providers \[[12](#joim13091-bib-0102){ref-type="ref"}\]. Finally, it seems that antimalarial medications may act synergistically with macrolides (e.g. azithromycin) for enhanced antiviral effect but, once again, the existing evidence is limited \[[97](#joim13091-bib-0097){ref-type="ref"}\] and studies had several limitations (e.g. lack of randomization and covariate‐adjusted analysis, and potential selection bias).

Table [2](#joim13091-tbl-0002){ref-type="table"} shows a severity‐dependent therapeutic protocol for the treatment of COVID‐19 disease.

Respiratory therapy {#joim13091-sec-0011}
-------------------

Oxygen therapy will be required if hypoxia is present (SatO~2~ \< 93%) or if symptoms of respiratory distress become evident. Oxygen therapy is generally administered through a (high‐flow) nasal cannula, a face mask or noninvasive ventilation (preferably using a continuous positive airway pressure helmet or full‐face interface, avoiding a nasal mask and nasal pillow due to the risk of infected aerosol spread) \[[103](#joim13091-bib-0103){ref-type="ref"}, [104](#joim13091-bib-0104){ref-type="ref"}, [105](#joim13091-bib-0105){ref-type="ref"}, [106](#joim13091-bib-0106){ref-type="ref"}, [107](#joim13091-bib-0107){ref-type="ref"}\]. Arterial SatO~2~ must be monitored constantly during oxygen therapy.

If a sufficiently high arterial O~2~ level (SatO~2~ 93--96%) is not reached, and if acute lung injury develops (ratio of arterial partial pressure of oxygen to fractional inspired oxygen ≤ 200 mmHg), invasive mechanical ventilation and intubation are required \[[14](#joim13091-bib-0104){ref-type="ref"}\]. Tracheal intubation should not be delayed in patients with a low oxygenation index, worsening of respiratory distress symptoms or multiorgan failure whilst administering noninvasive O~2~ therapy \[[104](#joim13091-bib-0104){ref-type="ref"}, [105](#joim13091-bib-0105){ref-type="ref"}, [106](#joim13091-bib-0106){ref-type="ref"}, [107](#joim13091-bib-0107){ref-type="ref"}, [108](#joim13091-bib-0108){ref-type="ref"}\]. Advanced techniques should be considered for invasive mechanical ventilation, such as pressure‐ and volume‐limited ventilation, positive end‐expiratory pressure, use of neuromuscular blocking agents and prone positioning \[[16](#joim13091-bib-0106){ref-type="ref"}\]. Most critically ill patients can respond well to prone positioning, with a rapid increase in oxygenation and lung mechanics \[[107](#joim13091-bib-0107){ref-type="ref"}, [108](#joim13091-bib-0108){ref-type="ref"}\]. Extracorporeal membrane oxygenation could be a viable treatment option \[[19](#joim13091-bib-0109){ref-type="ref"}\] for COVID‐19 patients affected by severe ARDS and not responding to the above‐mentioned protocols.

Possible future therapeutic targets {#joim13091-sec-0012}
===================================

There is growing interest in the use of specific anti‐inflammatory molecules such as tocilizumab, a monoclonal antibody against IL‐6R. Tocilizumab was used in Wuhan to treat 272 COVID‐19 patients and is being investigated in an ongoing national multicentre clinical trial in Italy. Although promising, the currently available data are still too limited to draw any conclusion about the viability of these therapies.

Other potential anti‐inflammatory therapies might include anti‐IL‐17, interferon and treatment with mesenchymal stromal cells which reduce inflammation and stimulate regeneration of tissues affected by ARDS \[[110](#joim13091-bib-0110){ref-type="ref"}\].

The amplification of anti‐2019nCoV‐specific T lymphocytes may be another feasible option \[[111](#joim13091-bib-0111){ref-type="ref"}\]. Other potentially interesting but purely speculative options at present include molecules acting on the Th1‐mediated inflammatory cascade, such as canakinumab (a human monoclonal antibody targeting IL‐1β) or roflumilast (a selective, long‐acting inhibitor of the enzyme phosphodiesterase‐4 which is already used to control neutrophilic inflammation in patients with chronic obstructive pulmonary disease) \[[112](#joim13091-bib-0112){ref-type="ref"}, [113](#joim13091-bib-0113){ref-type="ref"}\].

Development of therapeutic antibodies is increasingly heading towards the mimicry of normal protective antibody responses elicited in the context of innate receptor engagement (including Fc, Toll‐like and complement receptors). Treatments with multiple monoclonal antibodies and immunostimulants are being considered for neutralization of variant strains, which may include SARS‐CoV‐2 \[[114](#joim13091-bib-0114){ref-type="ref"}\]. Some studies have focused on inhibitors of the link between the spike (S) protein of the virus and ACE2 \[[115](#joim13091-bib-0115){ref-type="ref"}, [116](#joim13091-bib-0116){ref-type="ref"}, [117](#joim13091-bib-0117){ref-type="ref"}, [118](#joim13091-bib-0118){ref-type="ref"}\]: angiotensin receptor 1 blockers (sartanics) \[[119](#joim13091-bib-0119){ref-type="ref"}\], emodin, promazine \[[120](#joim13091-bib-0120){ref-type="ref"}, [121](#joim13091-bib-0121){ref-type="ref"}\], furin (a serine endoprotease) and monoclonal antibodies against the S1 domain of the S protein \[[122](#joim13091-bib-0122){ref-type="ref"}\].

An interesting strategy would be targeting the structural genes for the S protein or envelope or membrane proteins with small interfering RNAs \[[123](#joim13091-bib-0123){ref-type="ref"}\]. Broad‐spectrum antiviral agents, such as dsRNA‐activated caspase oligomerizer, are known to cause selective apoptosis of virus‐containing host cells; this may be another promising strategy, but only if associated with other therapies as such antivirals cannot block the virus from entering the cell nor disrupt the viral nucleic acid. This path should be evaluated in combination with thiopurine compounds, naphthalene inhibitors, protease inhibitors, zinc or mercury \[[123](#joim13091-bib-0123){ref-type="ref"}\].

Furthermore, the use of bradykinin receptor B1 and B2 antagonists may be a novel strategy to treat the bradykinin‐dependent local lung angioedema caused by COVID‐19. In addition, this pathway may be indirectly responsive to anti‐inflammatory agents or neutralizing strategies for anti‐S‐antibody‐induced effects, but these antagonists alone are unlikely to reverse all the pulmonary oedema \[[124](#joim13091-bib-0124){ref-type="ref"}\].

Another interesting option that is currently been evaluated is passive immunotherapy with the use of plasma from convalescent patients \[[125](#joim13091-bib-0125){ref-type="ref"}\]; however, caution is warranted. Patients who developed the anti‐S‐neutralizing antibody early in the disease course were found to have a higher mortality risk from COVID‐19, and a worsening of pulmonary disease has already been demonstrated in SARS‐CoV infection \[[126](#joim13091-bib-0126){ref-type="ref"}, [127](#joim13091-bib-0127){ref-type="ref"}\].

It is hoped that a vaccine will become available, but successful development and regulatory approval of a vaccine will take many months.

Conclusion {#joim13091-sec-0013}
==========

The global health and economic consequences of the SARS‐CoV‐2 pandemic are severe. Although many therapies have been suggested, at present there are no specific options capable of treating COVID‐19 disease or preventing SARS‐CoV‐2 infection. The only intervention currently viable and proven to decrease the contagion rate seems to be strict quarantine measures for the general population.

Specifically designed randomized clinical trials are urgently needed to determine the most appropriate evidence‐based treatment modality to reduce the spread of this disease and prevent the burden of any future outbreak.
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